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A. TASK O U J E C T I V E ~

The  goal  o~ our  r~’seart ~h in dist r ibuted coin j~u t 1 n q  i~. to
evo lve  f u n d a m e n t a L  c o n c e p t s  as  w e l l  as i i i p l em ~~n t a t i on  t e c hn i q uo .~
f o r  i m p r o v i n g  s yst e m  p e r f o r m a n c e  by  j u d i c i o u s  r u n t i m e

H d i s t r i b u t i on  of  f un c t i c r s  t o  pr ccessovs  a n d  to levels  of a
h i e r a r c h i c a l  c p er a t i n q  sy st e m . Th i s  o p t im a l  d i s t r i b u t i o n  of
cO m p u t 1 U ~J t a s k s  a za o n k i  t h ~ v a r i o us  rroce~~sor~

; in  a n e t w o r k  or
am o n g t h~ m a n y  levels  of a h i e r a r c h i c a l  op e r a t i n g  sys tem iii a
s i n g le  c cm p u t e l  is -ì critica l issue in current and futare
i n d u s t r i a l, m i l i t a r y ,  a n d  e d u c at i o n a l  cou ip u t ~ r systeas .  Fot
e x a m p l e , h o st / s at o l l i tc  c o n ti qu r a t i on s  (c o n s i s t i n g  of a
~l~~~je—scale tim ’~— sharod host computer and a s-Ct of small but

~inteliiqent~~~ m in i—cc n~ uter sa tellit .~s) and networkz of
h~ terogeneous mainframe ci minicomputer systems, will continue to
grow in importance.

Our objective is to develo p tools for the  ap p l ica t ions
p r c J r a m m e r  t h a t  a l l ow  bo th  t h e  e st i m a t i o n  of p e r f o r m a nce
i m p r o v em e n t s  cf p o t e rt i a  1 rri g r a t i on s , ei the r h o r i z o n t a l
(inter—processor) or vertica l (intra-processor , between layers of
the hierarchic al system ) and the ii~.ple iiientatio u of the most
p r o m i s i n g  m i g r a t ions .  F u r t h e r m o r e , t he  resultant division of
l abor  tau s t  r e pr e s e n t  a c o s t— e t fe c t i ve , t e liab l~ use of t h e
sel~ cted configuration. T h r o u g h cyc l e s  of d e s i g n  an d  ex p er i m e n t a l
v~ilidation/tunin g, we Expect tc prod uce prod uction tools and
results potentially applicable to a r a n g e  0± m o d e r n  d i s t r i b u t e d
architectures.

I B. P RO G R E S S  
-

During this past ccntract period , sig nificant progress was
made towards both a better understandin g of fundamental problems
involved in hori zontal and vertical migration , and the
development of tools r€ecled for analyzing these  problems and
actually~ performing migrations. The prototype Interconnected
Processing System (ICOPS) was used to run a nusb~ r ot scenarios
for a real—time (graphics) applications prog r~iu under varying
l o i l in g  con d i t i c n s  of t~ e IBM 3~Y~,’67 tim e—share d host . Runtjme
e x e c u t i o n  da ta  g a t h e r e d  was  p l u g g e d  i n t o a “ m4 x — f l o w , m m — c u t ”
c om m o d i t y  n e t w o r k  g r a p h  mode l  d ev e l o p e d  oy our  re search  p a r t n e r ,
P r o f e s s o r  Harold S t o n e  of the University of t l ac sa ch u s s et t s , and
i m p l e m e n t e d  a t  B r o w n . The o p t i m a l  a i s t r i b u t i on  of modu l~~be twee n t h e  host  a n d  t~ o r u n t i t r ~ sa t e l l i t e  was t h e n  c a l c u l a t ed
fo r  v a r y i n g  load conditions , and experiment ally verified by
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r u n t i i v e m i g r a t i o n  a n d  d a t a  q i t h e r i n g .  ~e now fe el  t h a t  we h i v e
o s so nt i a l ly  solved  t h ~ t.wo processo i i i s t r i b u t e d  c o m p u t i n g
p r o b l e m , u s i ng  cu r  u n i  q u r  ICOP S  t oo l s  w h i c h  h e c i i i : ~ av a i 1 a b l.~ t h is
p .1st ye.i r. These  c o nsist  of CUI A L G O L — W  co~ pi 1’~r fo r  bo th  host
anci sat e l l i te  w i ;i ch  ca r .  r c a k e  sy r b o l  t ab le  in t or i : i . t t i o n  a v a i l a b l e ,
a r u n t i n i e m o n i t o r  f o r  c c m r n u n i c a t i n g  bet~~een  m o du l e s  ( b o t h  i n t e r —
a n d  in t r a —  p rcc esso r )  , g a t h e r i n g  st a t .ist ics  .~nd p e r f o r m i n g
m i g r a t i on s , a n d  a n e t w o r k a n a l ys is prc qr . :i n f o L  ~‘tedi ct i n g  o p t im a l
d i s t r i b u t i o n s .

Th ~ cn ly  p r o b l e m  t h a t  s t i l l  ne eds  to be solved b e fo r e  a
f u l l y  a u t o m a t e d , d y n a m i c  load d i s t r i b u t i o n  sy st e m  can be m a d e
a v a i l a b l e  is th ’t t of p r e d i c t i ng  host  C P U  d vd i l a b i l it y  as ~i

f un c t i on  of. e a s i l y  in e a s r t  ed p a r a m e t e r s .  We h~i v ~ I oun d  t h a t  t n 2
usual indicators suc h as n u m b e r s  of us’-r s  lcqq~~.1 on , a ver a ;e
q u e u e  l e n g t h s , e t c . ,  a r e  n o t  qocd pi~~d~~c to r s  i ~r deterninii:y
rela t i v e l y  s t ab le  t i m e  i n t e r v a l s  of CP U  avai l-ib ili ty at a given

• - l evel .  Al so , n c  e x a c t sc l ut . ion u si r~ con  L o d i t y  n~ t works for u
t i t an  t w o  pr ocassor s  h a s  Leen dev e loped , so we e x l e : t  to  c o n t i n u e
our  wo rk  w i t h  Dr .  J e f f  F 4 u z e x t  of H a r v a r d  m l  ~~~ 5 ystim ; i n  the
a re-i  of Q u e u e i n g  N e t w o r k  m ode l s  or ‘:~u . Lt i p l e  - lodicated
satellites.

A successful two day workshop in 1)istrinu ~~d r ’rocessin~j w a s
h e l l  a t  U r o w n  in A u g u s t  to  c o n s i der  L - l ~it ~~j  p r oj e c ts  in
m u l t i p r o c e s s o r  d y n a m i c  l o a d s h a r i n q .  So~ e t w ~th t y  i n v i te d
pa r t i c i p an t s  pr o d u c e d  p a p e rs .  A l s o , we col lect ~~ a b i b l i og r a p h y
of ii~o re t h a n  15f ~ ent ries , and pred uce~ tr ~i n s cr i pt s  for the
Co u t~~r A rc h i t e c t u r e  Ne~~~~e t te r .  T r a n s c r i p t s  o~ t h e  f i t st th ree
sess ions  we r e p u h li s h~~d in  vol. 5, no. 5, [).~ ;e m b er , 1976 ; t he

H transcripts of the last sessions will appear i n  : ta rch , 1977.  A
spec ia l issue of IEEE’s ~~~~~~~~~ m a g a z i n e , tj  i ’~ p u b l i s h e d  in
J a n u a r y ,  1978 , w i l l  ca r r y  sess ion t r a n sc L ip t s  a:~ 1 i n v i t e d  p a p e r s .

In the area ot  vertica l rriyr atioris the ST1~I J CT s yst e m  was
usel for a n al y z i n g  out sat e l l i t e ’s ope r a t i n g  : ;ys te m to inprove
i ts  p e r t o r n a n c €  in t i e  c c u t e x t  ci ~e ve ra l f r e q u e n t l y  used
a p p l i c a t i o n s  p r o g r a m s .  ~e d e v e l o p e d  a m e t h o d o l o g y  th i s  past  y e ar
f o r  sy s t em at i c a l l y  e x a n i n i n ~j c i n d i t i a t ~~s f o r  m i g r a t i o n  a n d  t h e n
preli ctintj the perfor mance improvement for the mcst prcmising
candidates , prim arily nased cn havi ng the  sy s t e m  c om p u t e
In s t r u c t i o n  F e t c h  a n d  1€ c o d e  o ve rh e a i w n i c h  could he saved.  We

~ also s t a r t e d  to u n d e r  ~ta r i d t h e  t y p es  cf i nt . e r act i o u ~ be t w e e n
m i g r a t i o n s  w h i c h  occur  b e c au sc  t h e  C P U — u s e  of levels in a
h i e r a r c hy  c h a n g e s  ll r ast  i c a l l y  whe n f u n c t i o n s  i n  l o w e r  levels on
wh ic h the y de pend a r e  m i g r a t e d .  ~ccau se  ot t ho s e  i n ter a c t i o ns ,
v er t i c a l  m i q r a t i c z i  a p p e a r s  to be i r t r iu d c a l l y an d  s u b s tan t ia l l y
m o r e  d i t f i c u l t  t h an  h o r i z o n ta l  m i g r a t i o n a n d  we need to do muc h
more  a na l y s i s  a n d  e x p e r i m e n t a t i o n  ~‘efo re  we can d e v e l o p
prod uc t ion  tools  l i k e  I C C P S .
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Finally , in  t h e  ~irea at  h i g h  pe r f o r a a n c e  g r a p hics , we
prod uced an cxtr~~mol~ pcwerfu l hierarct ical pictur e data
St sue t u re .  O u r  h om e j x :o w n  ma trix ama di ta s t r u c t u re  processor ,
t h e  S1?~A L E , ca n  i n tc r  p e t  i t  a t  t h i r t y  ra m’~s per second to
acl~ieve  f u l l  m o t i o n  d y n i n  ics f o r  w e l l  ~ ves a t h o u s a n d  2 1) , 3D , or
4j ) v e c t or s , as w e l l  as “ l og i ca l z o c m i n j ” v ia  “ e x t e n t s .” Ex t e n t : ;
are alternative representations of picture components , with
v a r y i n g  l eve l s  of d e ta i l  as  a f un c t i o n  of t h e  a m o u n t  of
m a g n i f i ca  t ion  of t h e  t c ta l  p i ct u r e .  Pc• 1 1 — t i n e , u se r — c o n t r o l l e d

H a n i m a t i o n  of c o m p lex  s c i e n t i f i c  su b j e c ts  is f a c i li t a te d  b y  u s in g
extents.

C. 7 L A N S  I N B R f l F  =

O u r  p r o p o s a l  f o r  t ~~ c a n t  i n u a t  ion  of this research p r o g r a m
f o r  t h e  t w e l v e — m o n t h  p i~r i o 1  of A p r i l  1 , 1977 — I l a r c h  31 , 197d ,
has  been s u b m i t t e d .

I n  t h e  area o f  d y n a m i c  h o r i z o n t a l  m i g r a t i o n  f o r
h o s t/ s a t e l l i t e  s yst em s , we t i ll  t a ck le  th e  one r e : !la in inq  p r o b l e m ,
t h a t  of d e t e r m i n i n g  host  CPU a v a i l a b i l i t y .  ~4e w i l l  p r o b a b l y  h a v e

• to m o d i f y B r o w n ’s p r o d u c t i on  o p e r a t i n g  s y s t em  ( CP/ CMS)  in  or d er
to i n s e r t  some p robes  w h i c h  can g i v e  us u c a n i n y f u l  q u a n t i ta t i v e
i n p u t  to our  n e t w o r k  a n d  ‘j u u u o i n . .j m c de l s .

In  t h e  ar e a  o t  v er t i c a l  m i g r a t i o n , ~e will add  a d d i t i o na l
a n a l y s i s  s o f t w a r e  to n a k e  S T f l U C T  a I c ro  p o w e r f u l  p r ed i c t o r  of
p e r f o r m a n c e  i m p r c v o l n e z i t .  A t  the  s a m e  t i m e , we w i l l  s tar t  a now
phase , the p a p er  des ign  of a h i e r a r c h i c a l  o p e r a t i ng  s y s t e m , to
help understand wh at factors were invol ved in m a k i n g  a f u n c t i o n
intrinsically mig ratable, a n d  how one assesses secondary
interactions between migr ated functions . We will a lso look at a
variety of m o d e l i n g  d i s c i p l i n e s  to see w h i c h  one  m i g h t  h e l p  us to
he more analytical and quantitative about vertical migration s.

Finally, u n d e r  t h e  aegis of NSF’s Office of International
Prog rams grant #01P73—0226d A02 , e n t i t l e d  “ L l u n — : i a c h i n e  Synergy, ”
~~ will continue our collaboration with t h e  Pungariun Academ y of
Science ’s Comput e r and Autom ation Research Institute. We will
start the second phase of a Computer Aided  Design research
project in interactive lla n king die designi . We pla n to use this
d~ inandinq applic ation as a typical useful pro d u c t i o n  p r o g r am  to
test, benchmark , and improve our sophisticated facilities: high
level languages ari d graphics prim itives , host/satellite dynamic
d i s t r i b u t ed  p rocess ing ,  low e r leve l  f i x . - ~d f u n c t i o n

~~ m u l t i process ing t a r  r~ a l — t i n i e  ultr ad y r.im ic grap hics. Only by
taking a rea l app l icat iOf l  will we he a b l e  to assure ourselves
t h a t  ou r  d i st r i b u t e d  p rcce ss inq  t co l s  a w i  m e t h o d o l o g i e s  w o r k  an d
a re  c o s t — e ff e c t i v e ; t h e r e  can l i€  no t e ch n o l og y t r a n s f e r  to o t h e r
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groups and confi-juraticns u n t i l  such ~ convincing demonstration
has taken place.

Also , d u r i n g  t h e  c on i n g  y e a r , We i ’lan to h e lp  B r o w n ’s
B io — r le d ical  D e p a r t m e n t  w i t h  t h e i r  N i b  g r a n t , ~N S 1 . 3 0 3 1— D i ,
“ S t r u c t u r e — F u n c t i o n  A n a l y s i s  o f  Sinqle Cortical Neuro ns”. Using
our  p o w e r f u l  g r ap h i c s  t a c i l it i e s  i n  c o n j u n c t i o n  w i t h  1COPS , t h ey
p l an  to  r e c o n s t r u c t t h r e e  d i me n s i o n a l  in ; iy o s  of cort ica l n e u r o n s
from serial sections. ‘Uese images will t h e n  be used to a n al y z e
the  synapse s on each s e g m e n t  of t he  d e n d r i t i c  t ree.  The  i n p u t
p hase  of the  sys t em is b e in g  im p l e n e n t e d  on our  g r a p h i c s
sa t e l l i t e  as a s t a n d — a l o n e  a u pl i c a t i o n , b u t  t h e  f u l l  an a l y s i s
p a c k a g e  w i l l  r e q u i r e  t f p  c o m p u t i n g  f a c il i t i e s  d v a i l d b l e  on t h e
drown 360 host as well. ICOPS will allow the applications
progra mm er to use t h e  f u l l  p cwe r of d y n a m i c  load b a l a n c i nj  to
ach ieve  o p t i m a l response  t i m e  a n d  m i n i m i z e  c c m p u t i n j  costs .

A.  P U B L I S H E D  P A P E R S

“:: x p e r i e n i c e  w i t h  D i st . r i b u t e d  Processing on a l1ost/~iatelliteG ra phics  Sys tem ” , 3. ~ichel  a n d  A. v a n  D am , A C~ ~~~~~ R A P H  1C , 2 ,
Ju l y ,  1i~76.

E. P1~POR TS

“S I f l A L l~ A s s emb l er , U s er ’s G u i d e ” , F . . W . b u r n s , J a n u a r y ,  1 ~76.

“ A L G O L — W  R e f erence M a n u a l ” , C. S o rg ie , P r o j e c t  ? m a n u a l , J u l y ,
1976.

“P r o g r a m m e r ’s G uide  tc A L G O L — W ” , 1. K o s low , P ro jec t  M a n u a l ,
Augus t , 1976 .

~~~~- “F l o a t i n g  P c in t  P roces so r  f o r  B U G S ” , P a l  V er e b e ly ,  P ro j ec t
~anual , August , 1976.
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“ Tu e  S I L I A L E  S t a n d a r d  Gr a p h i c s  P a c k a g e ” , P r e l i m i n a r y  D e s c r i p t i o n ,
9. W .  ~3 u r n s  a n d  II • Ii • W e b b e r  , D e c emb e r , 1976.

“~~r o w n  U n i v e r s i t y  G r a p h ics  S y s t e m  ( u U G S )  O v e r v i e w ” , P r o j e c t
M a n u a l , u p d a t e d  D e c e m b e r , 1976 .

C. T H E S E S

“ A n  A Lt ;oL— ~~/ 36O to ?IL1 A Cross Compiler ”, C. Sorgie , Masters
Thes is , l3r cw n U n i v e r s i t y ,  J u r ~i , 1)76 .

P E t ~S O N N E L
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Robert Sedguwic k

P r o f e s s i o na l
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Janet L.B. Michel
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